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PROPAGATION  MODELING  AND  APPLICATIONS  FOR 


ELECTRO-OPTICAL  SYSTEMS 

I.  INTRODUCTION 

Tll«*  need  to  evaluate  the  performance  of  electro-optical  (E-O)  systems  in  the  natural  ami 
battlefield  environment  has.  in  recent  vears,  generated  a  flurry  of  activity  directed  at  the 
measurement  and  modeling  of  the  atmosphere.  As  the  emerging  results  of  these  efforts  are 
applied  to  the  analysis  of  K-( )  systems,  a  new  understanding  of  the  utility  and  limitations 
of  such  devices  is  now  developing.  Some  of  these  measurement,  modeling,  and  analysis 
activities  are  reported  here. 

In  Section  II.  the  fog  and  snow  multispeetral  transmission  data  hast*  that  has  been 
collected  over  the  last  t  vears  is  described.  Simple  algorithms  representing  this  data  are 
derived.  Section  III  outlines  a  study  of  TOW  system  performance  sensitivity  to  changes  in 
the  meteorology  of  the  environment.  Considerations  of  target  signature  variability  are 
taken  into  account.  Results  from  such  a  study  can  be  used  to  establish  critical 
meteorolgieal  parameters  associated  with  system  performance.  A  discussion  of  this  can  be 
found  in  Section  IV. 

Sections  V  and  VI  present  a  brief  description,  sample  predictions,  and  validation  of  two 
models  for  battlefield  obscuration.  Section  V  addresses  a  model  for  instantaneous  white 
phosphorus  (Wl*|  smoke,  and  Section  VI  addresses  a  model  for  high-explosive  (HE)  dust. 
Roth  models  are  a  subset  of  the  total  obscuration  modeling  performed  bv  NV&EOL  and 
the  General  Research  Corporation  (GRC).'  2  1 

II.  AEROSOL  TRANSMISSION  THROUGH  THE  NATURAL  ATMOSPHERE 

Absolute  atmospheric  transmission  measurements  in  the  visible,  near  IR.  to  .V/an  and 
H-  to  1 2-/zm  regions  have  been  collected  through  various  fogs  that  have  been  observed  at 
Ft.  A.  P.  Hill.  Virginia:  Grafenwoehr.  Germany:  and  Itaumholder.  Germany.  Portions  of 
this  data  have  been  previously  reported.1  but  Figures  I  and  2  show  the  present  data  base 

I  M'mi*«*iti|iirir;il  innilrl*  ttere  formiil.ilni  l>\  Dr.  K.  /irkiml.  I.mrral  Kr-rurrh  (  orj»..  nmlrr  Conlr.nl  No.  D  \ \k02-7  H  -O.'Htfi 
viilh  f  hr  I  >  \rm>  Night  \  i*ioti  .tin!  Klrrlro-I  Ipiir-  I  .ahoralon .  hi.  IM\nir.  \  \..  Mrs.  | ..  |*.  Ohrrt.  roiiiract  monitor.  Ihr  mn- 
lr.irln.il  effort  jirovnlnl  iiiinM*  wliirh  ;irr  more  rotnprrlirit«t\r  than  forii*r*l  tijmn  here.  I  I  hr  rr.ulrr  is  n  frrrol  to  tiorumeulatinn 
ill  Rrfrrrtirr*  J  .uni  .i|. 

K.  /irkiml.  "  \n  Ol>»euring  \ero-ol  Di*|trr«inii  Moi|rl.“  \  o|«.  I  II.  <  ll*2.'ll  for  l  s  \rm\  \\t\h.<>l  nmlrr  Conlr.nl  No. 
DWKD2TM  -IlIWi  hi  I. rlirr.ll  Kr»rarrll  I  or|*..  Mrla'.in.  \  \.  Ike  7Hll  nrlas-ifirill. 

1C  /irkiml.  ”  \  I'relirntn.irv  De-rri|iliou  of  ,in  h.\|»losivr  Dost  Cloinl  M«nlr|.”  I  rrlt  Meuioramiiim  (or  I  >  \rm\  \\t\h.O| 
nmlrr  I  ontr.irt  No.  D\  \kH2*7  H  .-O.'tfifi  In  Crnrral  Rr-a*«irrh  Corj*..  Mr  I  .ran,  \  \.  Ilrr  7H  il  m-ln-sifirili. 

J.  K.  Moiilioit.  |{.  J  I  Irr  grin. i  ii  ti.  amt  M.  1  .  Nila.  "*l  i  hnropr.in  Sillier  \lmo«|ihrrt<  hm imnnirnl  1 1  ||{|> 

l'r«H  rnlillg..  \||0  7fi  iNrrell. 
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ill  its  entirety.  \>  a  "cncrul  rule.  systematic  scaling  between  visible.  .4-  to  5-/tm.  ami  8-  lo 
l2-/xm  aerosol  extinction  has  been  ioiinil.  with  the  cleanest  relationships  associated  with 
data  collected  in  indi\idual  fog's. 

I'iggure  I  shows  curve  fils  to  the  data  relating;  visible  and  .4-  to  4-gim  extinction  through 
fog;.  I  In*  wet  and  dry  curves  arc  lits  to  data  subsets  defined  In  observed  meteorological 
conditions.  I  be  "wet"  condition  is  indicative  of  a  higgh-acrnsol  moisture  content.  Kach 
day  of  data  was  classified  as  wet  or  dry  bv  its  |>redominaut  optical  character  when  an  on¬ 
site  determination  ol  the  foe's  nature  was  not  made.  Tile  middle  curve,  as  noted,  is  a  fit  lo 
all  ol  the  data.  I  he  relationship  between  visible  extinction  and  that  in  the  8-  lo  1 2-fiin 
banilpi. »s  is  shown  in  Figure  2. 

I  he  equations  correspond  ill*;  to  the  curve  fils  shown  in  Figures  I  and  2  are  the 
follow  ing;: 

Vi  FT  FOfi;  <7:,_-  =  |()  *'|-  +  -’  -•*!-,  t..K ,7Kj.i..e«.vy 

q  —  I  I^l.l  U  +  J.H7I  li**:  o  ...-.W)."*  iliij;  a  ...i* 

l)l{^  Ft  Mi:  <7,  -  =  I0'1  ' •!l'|l  !"-  a  ••e.W*:i  lies  "..-.I’ 

0  —  I  Q-I.TI2+ Iii«  o  line  fj  .  |' 

COMBINKI):  a,.,  =  1(|  ' +  '«•*  . . . 

0  —  In”  a  , ,-.212  floy  i* 

0  .T."»l  l«»t»  o ,  I  ilug  o,  ,„y 

\dditioual  data  fathered  at  1.06  /iin  has  resulted  in  the  sealine  law  that  is  also  shown 
above.  These  formulations  are  eurrenllv  being;  used  to  <*valute  K-(l  sv steals  performance 
under  limiled-v  isibilitv  conditions. 

Data  has  also  been  {gathered  under  conditions  of  snow.  Figures  4  and  4  show  visible  vs. 
'i.'F/trn  data  and  visible  vs.  8-  lo  1 2-p.in  data  collected  at  Ft.  \.  I*.  Mill.  Virginia.  and 
previouslv  reported/’  The  resultant  extinction  relationships  due  to  snow  alone  have  been 
derived,  correctin';  the  original  data  for  molecular  absorption  and  fog;/hazc  attenuation. 
The  eorreetion  factors  were  determined  during  snowfall-free  periods  contiguous  to  actual 
measurement  times.  Note  that  some  severe  foe  that  occurred  during;  the  measurements  had 
a  dramatic  effect  on  the  extinction  relationshps.  More  ggencrallv.  it  is  apparent  that  the 
mixed  ha/.c/fo<;/-nnw  condition  is  important  since  this  is  the  wav  snow  appears  in  nature. 

M.  >nl.i  .mil  K.  BrrwritMiiit.  "Mtilti»|M-«  Ir.tl  l'ni|M».iltmi  Mf.i'iirriiit-nl*  I  Nn»».”  Irrlt  lh»i*.|  «tf  tin-  I  mji  Mi  rfm^ 

*•»  ll|il.  flinmnli  I  iirl*..  |{,tin  i\  l  uj:.  U*'\  \n»  77  tl  in  l.t***if  i«**h. 
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1.0  10.0 
VISIBLE  EXTINCTION  COEFFICIENT  (KM  1) 


Figure  1.  G/AP  aerosol  model  3-  to  5-;um. 

(Low  visibility  aerosol  attenuation  data  and 
derived  empirical  fits  for  locations  in  Virginia  and  Germany.) 


8-12m m  EXTINCTION  COEFFICIENT  (KM-1) 


05  JAN,  06/07  JAN,  AND 
09  JAN  1977  SNOW  & 
SNOW  MIXED  WITH  FOG 


Figure  3.  Snow  scattering  model  3-  to  5-pm. 

(Extinction  data  taken  through  snow  at  A.  P.  Hill,  Virginia, 
showing  the  relationship  between  the  visible-near  IB  and  3.918  pm.) 


05  JAN,  06/07  JAN,  AND 
09  JAN  1977  SNOW  AND 
SNOW  MIXED  WITH  FOG 


tf.8-1.1^  (KM"1) 


Figure  4.  Snow  scattering  model  8-  to  12-pm. 
(Extinction  data  taken  through  snow  at  A.  P.  Hill,  Virginia,  showing 
the  relationship  between  the  visible-near  IR  and  8.0  to  12.0  /im.) 
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III.  TOVt  SYSTKM  RFRFORVIANCK  SFNSITIVin 


I  sing  tin*  <;/AP  aerosol  model  described  in  Section  II.  an  investigation  nl'  lilt-  sciisitiv it\ 
of  ill*-  TOW  nightsight  performance  to  changes  in  tin-  air  temperature.  relative  humidity, 
visibility.  and  target  signature  was  conducted.  Results  were  represented  in  terms  of  R/R 
where  R  is  the  maximum  performance  range  (50%  probability)  for  a  given  season  and 
target  condition  assuming  no  atmospheric  limitations.  Three  signature  strengths  were 
chosen  to  represent  the  spread  in  measured  signatures  of  a  lank  viewed  from  the  front  or 
the  side  in  summer  or  winter.  Appropriate  seasonal  background  temperatures  were  used. 
Signature  data  was  ohtained  from  the  N i lit  Vision  and  Kleetro-Oplies  Signature  Data 
Rase. 

for  real  atmospheric  conditions,  the  variation  in  R/R  as  a  function  of  visihilitv  and 
relative  humiditv  is  shown  in  Figure  .>.  For  tliis  summer  condition,  it  is  apparent  that  at 
low  visibilities  the  aerosol  effect  dominates  and  there  is  virtuallv  no  variation  in  perfor¬ 
mance  with  atmospheric  water  content.  At  the  longer  visihilitv  ranees,  it  i>  absorption 
that  dominates. 

II  a  certain  value  of  R/R  can  be  established  as  necessary  to  accomplish  a  particular 
military  task,  henceforth  referred  to  as  a  level  of  capability.  Figure  .">  can  he  presented  in 
a  manner  that  shows  what  combinations  of  meteorological  conditions  will  allow  at  li'a't 
that  capability  level.  Vs  an  example.  Figure  (>  defines  those  meteorological  conditions 
that  result  in  a  50%  and  an  80%  eapabilitv  level  over  the  summer  |S|  and  winter  (Vi  |. 
I  he  most  signficant  tiling  to  note  is  that  certain  system  eapabilitv  levels  are  insensitive  to 
large-scale  variations  in  the  atmospheric  water  content.  In  general,  however,  higher  levels 
of  system  eapabilitv  show  the  more  complex  dependence  on  water  vapor. 

IV.  CRITIC  VI.  MFI  KOROI.OCIC  VI.  I* \R  V Ml!  I  FRS 

The  sludv  described  in  Section  III  indicates  that,  for  certain  levels  ol  system  eapabilitv. 
a  critical  meteorological  parameter  can  be  defined.  In  the  ease  ol  the  I  ( nightsight  at  a 
50%  level  of  eapabilitv.  ihi-  meteorological  parameter  is  visibility.  I  In-  visibility  range 
required  is  relatively  constant  over  a  wide  range  of  variation  in  target  AT.  target  aspect, 
and  season.  The  result' shown  in  Table  I  indicate  that  a  visibility  of  greater  then  about  a 
kilometer  defines  that  condition  w  hen  the  T<  >W  nightsight  will  perform  to  at  least  50% 
of  it«  theoretical  capability .  Results  lor  the  \\  H(\  detection  task  are  essential  I  v  the  same. 
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Figure  7.  Elements  of  NV&EOL/GRC  smoke  model.  (Instantaneous  WP.) 
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PLUME  RISE,  105mm  WP,  STATIC  FIRING,  PASQUILL  CATEGORY  C 

F,9“"8  JPG  d,„.  (Static  firing,  105-mm  WP,  Patquill  category  C.)  7) 
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2.  (  I,  (ninpnri-nn.  !•  i” urt-  ')  -Imxx-  (hr  emnpari-nn  nf  model  prrdirlinn-  in  (  | 
mra-nrrinriil-.  I  hr  data  i-  I  nun  ihr  -iiinkr  (rial-  .it  W  hilr  Sami'  Mi— ile  Range  l\\  SMKl 
eniidurtrd  la  tin-  I’M  Smoked  th-roraiil-  ill  Jul\  77."  I  rail  0  I  \X  l’-.i |  rmi'i'tril  of  (hr  -lalir 
lirim;  ill  I i \ r  1.2-in.  U  I*  round-.  Sharp  ri-r-  ami  fall-  of  thr  mra>urr<l  data  mat  hr  al- 
t r i I •  ill •< I  tn  \ .1  r i ;i I ii in  in  w iml'|irnl  ami  ilirrrtioii.  I’rrilirlimi'  uhieh  arr  ha-rd  on  nipnl- 
•  it  I  hr  axrrage  mrtrnrolngiral  parameter-  rr|Mirtn|  in  figure  •>  pin-  (hr  ;ruinrlr\  nf  the 
lr-1  ••  ii  1 1 1  n  n  ra  t  n  it  I  arr  imliralril  hx  (hr  ila-hnl  rnr\r. 

.1.  I  riiiisiiiiHMion  <  .ompurixoii.  I  hr  final  -amplr  of  x  .did. Hum  in  figure-  III  through 
Id  runiparr-  prrdirlinn-  tn  mra-ured  trail-mi— inn  Iron:  Stnnkr  Week  I  at  Ihigxxax  I’rnx- 
i n ji  t.rnnml  rnmiurtnl  hx  hr  I’M  Smoked  Ih-ruranl-  in  Noxrmhrr  77. "  Tran-mi— inn  xrr- 
-n-  linn-  xxa-  inra-nrnl  In  tran-mi— nmrtrr-  in  tin-  l  ar  IK.  Mill  IK.  I.Ofepm  ami  \i-ihlr 
'prrtrnin  liatnl-  n\rr  thr  -amr  -ampling  Imr.  Illn-tratinn  nf  ihr  agreement  hrlvxrrii 
prnlii  tnl  anil  mra-ured  data  Inr  trial  -il  uhieh  rnn-i'lrd  nf  -i\  I ,">.">-111111.  -taliralh  fin  d. 
W  I’  -niiikr  rniitid-  i-  -In >x»  n  Inr  tran-ini — inn  in  thr  H-  tn  1 2 -/tin  (  f  i gurr  1 0|.  .5.  l~/im  |  li  g  1 1  rr 
III.  I  .Ofe/tm  1  Killin’  I -I-  and  xi-ildr  1  figure  l.di  region-. 

f.  Stnnkr  Barrage  I’redirtion-.  I  hr  illii-lralinii  nf  rapahilitir-  nf  thr  W  I’  -iiinkr 
Hindi  I  i-  rourliided  with  a  prrdirlinn  nf  tran-mi— inn  Inr  a  -innkr  barrage.  Thr  laxnut  nf 
thr  barrage  -eeliarin  .I-  drpirtrd  in  figure  |  I  entl-i-l-  nt  lun  xollex-  nf  I  .">.">-111111  ^  I* 
-mnkr.  Ihr  \-  i  in  In  air  thr  impart  pnint-  nf  thr  fir-1  xnllrx  nl  |.">  rnnml-  uhieh  arr 
tinifnrmlx  di-trilnitrd  mrr  thr  I  kiinmrtrr  Irntil  at  tiinr  /.»•  rn.  I  hr  n'-  rrprr-rnl  thr  imparl 
pnint-  nf  thr  -rrollil  xnllrx  nf  I  .">  rnnml-  uhieh  .irr  lllillnruilx  di-trihlllrd  mrr  thr  front 
and  -pared  between  thr  initial  round-  at  tiinr  /.<■  rn  phi-  .'ill  -nniid-. 

Ihr  growth  a-  a  Itnntmn  nf  tiinr  nl  -rxrral  nf  tin-  elnml-  nf  thr  initial  xnllrx 
i-  illn-tratrd.  I  hr  length  nl  rarh  rlniid  i-  imliratrd  along  a  tiinr  a\i-  with  10— rrnml  In  k 

mark-  nut  In  2  minute-.  Ihr  ntlirr  dimrii-inn  ilhl-lratrd  i-  thr  width  nl  thr  rlnmi.  The 

pnrpn-r  nl  the  rhmd  depletion  i-  tn  illll-tratr  thr  i litrr-rrt inn  nf  thr  rlnmi-  with  thr 
nb-rrxrr-target  lim-nl-~ight  1 1 .( (St  a-  a  Iniirtinn  n|  limr.  \t  2  miniitr-.  four  rnnml-  nf  thr 
initial  \nllr\  and  thrrr  rnnml-  nf  thr  -rrnnd  mlln  inlrr-rrt  thr  I. (IS. 

I  rail-mi— inn  Inr  K-  in  l2-/tm  xrr-u-  time  alter  iniliatinii  nl  the  barrage  i- 
plotlrd  in  figure  l.">  Inr  three  atnin-pherie  -I  al  >i  I  it  \  rnmlitinii-:  mnderatek  nn-tahlr. 
nriilral.  and  mndrratrlx  -lahlr.  i.r..  I’a-ipiill  (  alrgurie-  It.  I).  and  I'..  rr-prrli\rl\ .  Ihr 
fir-l-minutr  effrrl-  are  lliglllx  drprndrnt  nil  thr  grniiirlrx.  i.r..  intrr-rrtinll  nf  thr  rlnild- 
v»  it  h  thr  Ills,  In  order  tn  relate  llir-r  prrdirlinn-  with  thr  t.KM  II  trial-."’  thr 

'  M  ..1,1.1.  ,  ..I .  II..  .,11. 1  VI, 1  -,.  |,|  -1....I,.  l.-t  .,1  VII, .1.  It.,,,...  |„|  I  .  I'M  -MK  I  in.  :il 

I  ...  I  III"  X  ■  . . ..'Ill  „l„l.  „l,.,l, 

-link.  U  '  •  k  |  f  I-  .  I  I..  t  ||||  •  I,  -(.  Ill  -  I',  f  I  .  •MM.ttM  •  III  I  111  I  ,|.  tlf  I/.  .|  -Ml"k>  I  IIV  I  I  .  .mu.  til  I  1  l  til  n  X»  .n  I  ‘  t  '  .X  III:  (  ,  I  ,  .nil.  I 

I  I  N-.x  1.  I  *Kt  I'M  -MK  I  'Ml.-  >1  \,.f  ;»  HIM  V.  \|M  It  I  ,  Uf<  .1  ..uti.t.  nii.ili 
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I  w  0 .  t  r.i  1 1  -  in  i  ~~  i  •  m  i  le\rl  i-  eho-en  a-  a  ihrr-hnld  of  inlere-t.  Tahir  2  i-  a  -iimmar\  of  the 
lillir  that  llir  B-  In  12-^in  lran.-iiii»inn  i-  Below  I  %  lexi'lndiii"  I  In-  lir-t  minute  of  tin-  Bar¬ 
ra  fir  I.  I’rrtlirlion-  an-  I ><•  i n f  >r<-| >a r<-<  I  for  I  lie  ( .ral  II  -iimmrr  I  rial-  in  w  ti i<-li  nonuniformi- 
l\  of  inipart>  i-  ron-idrred. 


1  able  2.  Time  (s)  S- to  I  2-pm  I  raiiMiiission  I ' 


Relative 

1  lumiditv 

fasipiill  (  alepiry 

(  ) 

B 

1) 

1 

40 

(1 

0 

150 

-1) 

0 

1  15 

>240 

\  I.  III.  Ill  >T  Mold  I.INf,  I  I  !  <  »K  I  S 

WiNIfll  <0111I11<1<< |  1 1 1<-  (,raf  il  Beali-ti.  Battlefield  Sen-on-  Trial;-  from  6-22 
Non  •-in  l»  r  1 07B  a  I  (  IralVinN  <«-lir.  (  .ermam .  I  In-  |mr| »«■<•>  of  tlir-e  <•  x | >< •  ri <  1 1<- 1 1 1 >  were:  (  I  I  lo 
determine  tin-  i-tTici-  of  arlillerx  Barrafir  nh»riiranf»  on  1,-1 1  -riwir  |i<-rl<iriiian<-<“.  and  |2) 
to  <|uanlif\  the  optical  propagation  anil  trail-port  propertir-  of  artillery-induced  < 1 1 1  - 1 
rloinl-. 

Prior  lo  tli<'  Ir-t.  N  N  »N  I'd  1 1 ,  r<’« )  iii-.~I  <•<  1  from  < » |{< !  ami  \i-rod\  m-  Rtsrareh.  I  nr."  prrdie- 
l  i  on  -  for  iln-  dr-rriplion  of  t  lx-  ilii-l  eloiid  formed  from  -in;ilr  anil  multiple  l.'i.Vimu  IIK 
roiiml'.  arlilli-iN  ili-lin-rril.  point  detonation.  Both  conlraelnr-  worked  nitli  N  \  xN  l.f  II ,  in 
tin  planning  pli;t-«--  of  firaf  II  to  iili-nlif\  am  parameter  <iap-  ri‘<piir<-<l  B\  their  modi-l'. 
I'n  ili<  lion-  of  1 1  n-  follow  i  1 1  o  proper!  ie-  of  tin-  ilii-l  rloml  wi-ri-  -applied  lo  N  \  iK  If II.  prior 

to  1  In-  te-t:  ill  1I11-I  eh mii I  dimrn-ion>  <>,  lime  (f.Rf !  and  \ernd\  lie):  (2)  <  iom  rnl ration  \ 

I  en "1 1 1  \  lime  if  1 1{(  * |;  id |  e-timalinn  of  the  iiiiin«  ext  i  net ion  eot-lfie  ient-.  \  i-ilile  tliroiifih 
I  ar  I K  l< . K<  and  \er01K  ml:  1  f)  tran-mi— ion  \-.  lime  (( il{( !  and  \ernd  \  nel:  and  (.“>)  I  her¬ 
nial  hi-|nr\  \  lime  |<  .Iff  |. 

Both  (.IB.,  under  eontinuine  eonlraelual  effort  with  WAl-.Ol,.  and  \erod\ne.  under 

I  mi  Ira  el  with  \l  mo-pherie  Srienrc-  I  .a  Bora  ton  I  \SI  .I.1'  ha\e  been  working  with  the  ( .rat 

II  11  -nil-  in  order  lo  expand  I  heir  model  de\  elopmenl.  \erod\  ne  -  el  tort-  are  dr-eriBrd  h\ 

|  |,-it-uli'.  el  al.M  <  oinpari-on-  of  predielion-  ol  the  f.Rf  III.  Ihi-t  Model  lo  f.ral  II 
re-nil-  and  other  remit  field  te-l-  are  pre-enled  herein. 

!  '  h  '  -'  I  >■;  t  1  |  1  .it  |..ti  f..»  I.1.1I  ||.‘  \.  1 ...  1 1  11.  IB  -.  .H  -  li  In-  I  "  \lim  \  1  \  l-fii  »\  I  I-  ■  l>-  '  '|>ti  -  I  .ll. ••Ill'  l  \ 

•  mi  „  •  v.  i*  \  \  k  \i  p  :k  ii  1., .i , 

1  ■  Vi-  - •  |  -  I  it  ..I,f...x  •  tf..tt  utrli  \.  in.hu.  IS.  11. 1.  III!  It.iff.lle  I  il,o.  ll.  IK-  «  I. ttii.il  t  N..  f  *  N  ;«j  in. 

'  I  1  *:  \  -  l...  I  M  t  .,(-1  |  fli.., I  ,11. 1  I  n.m.  III  "I  I  \  |U-I-  --1  H-i*  tal  li.liff.l  *  M.-I  HI., ill. 11  \n.ix  \ilrH.-n 

h., -1  1  .  .1  1.  t  i.  r. in.. .  ..1  .‘Til.  Viii-.ti.ii  ii:i^  M.i%  i.n 
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Ill  aililitimi  to  predictions.  CPC  supplied  W&KOI,  with  a  ti r~ I -<- n I  III',  du-t  model 
prior  to  the  Oral  II  test.  Tlir  formulation  of  tin-  model  i*  outlined  in  figure  If).  Outputs 
consist  of  temperature.  dimension-.  ( loneciitratinu  \  l.ength.  and  t r.i ii^m i — i« >11  of  the 
eloml. 

Predictions*  of  the  model  are  presently  being  compared  to  field  l«--t  result-  and  are 
described  in  the  folloyying  paragraphs. 

I.  Oruf  11.  Kvent  A  Comparison.  f.ycnl  A  consisted  of  a  single  177-mni.  urlillm- 
fired  II K  round  which  intersected  the  transmission  line-of-xjght  upon  impact. 
Meteorological  condition- yyere  defined  a- yy  ind-pccd  =  7.1  m/s.  yy  ind  direction  =  270°. 
and  Pa-quill  Category  =  < .. 

Silicon  and  thermal  cloud  height  measurements  and  |iredietioiis  for  the  yi-ible 
height  are  shown  in  figure  IT.  Prediction-  were  ealenlated  from  the  initial  model  in 
which  cloud  rise  was  not  a  function  of  cloud  heal  and  the  modified  model  with  a  heat-rise 
term. 


The  first-cut  dust  model  assumed  that  thermal  effects  within  the  dust  cloud  were 
negligible.  The  cloud  of  a  177-mm  UK  round  was  predicted  to  reach  equilibrium  at  0.7.) 
second.  Kor  time  greater  than  0.7.)  second,  the  cloud  was  dispersed  as  a  function  of  wind 
momentum  and  atmospheric  stability.  As  evideneecf  in  the  conclusions  of  the  Oraf  II  test 
results,  heat  was  apparent  in  the  cloud  for  approximate!)  10  seconds.  Thus,  an  additional 
cloud-rise  term  due  to  the  exothermic  reaction  has  been  added  to  the  initial  model.  The 
thermal  buoyancy  term  is  identical  to  that  of  the  W&KOK/CKC  WP  Smoke  Model  with 
a  heat  release  of  .500  eal/g.  After  10  second-,  the  cloud  rise  is  assumed  to  be  due  purely  to 
momentum.  Predictions  for  the  ft-  to  1 2-/xm  transmission  of  the  main  cloud  and  stem  are 
compared  to  measured  transmission  in  figure  Iff.  The  stem  of  the  cloud  at  equilibrium 
was  predicted  to  be  2.7  meters  high  for  I  .TV  mm  III',.  Although  predictions  o*  ('.I.  and 
transmission  for  both  the  cloud  and  stem  were  separate  model  calculations,  the  emphasis 
of  original  predictions  was  mi  the  cloud.  Iloweyer.  it  has  been  determined  that  the 
transmission  linc-of-sight  intersected  the  dust  clouds  at  2  to  7  meters.  The  predictions  arc 
now  for  the  upper  part  of  the  stem/lower  cloud  area. 

2.  Oraf  II.  Kvcnt  B  Comparison.  Kyeul  ff  consisted  of  two  UK  rounds  impacting 
simultaneously.  Knuud  I  intersected  the  transmission  linc-of-sight  while  Pound  2  wa-  2.7 
meters  off  the  linc-of-sight.  Meteorological  condition-  were  defined  a-:  wind-peed  =  2.7 
in/-,  wind  direction  =  270°.  and  Pa-quill  Category  =  < !. 


Measurements  of  eloml  height  of  Pound  I  and  prediction-  using  the  heat-rise 
term  are  compared  in  f  igure  Id. 


TRANSMISSION  (Percent) 


PREDICTED  VS.  MEASURED  CLOUD  HEIGHT 
EVENT  A 


O  MEASURED  SILICON 
X  MEASURED  THERMAL 

- PREDICTED  (With  Heat) 

- PREDICTED  (Without  Heat) 


figure  17.  Predicted  vs.  measured  cloud  height.  (Graf  II,  10  Nov  78)  (Reference  10) 


PREDICTED  VS.  MEASURED  TRANSMISSION  (8-12Mm) 
EVENT  A 


-  MEASURED 

- PREDICTED  STEM 

O  PREDICTED  CLOUD 


Figure  18.  Predicted  vs.  measured  transmission  (8-  to  12-^im).  (Graf  II,  10  Nov  78.)  (Reference  10) 
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PREDICTED  VS.  MEASURED  CLOUD  HEIGHT 
EVENT  B 


TIME  AFTER  IMPACT  (sec) 


O  MEASURED  SILICON 
X  MEASURED  THERMAL 
—  PREDICTED  (With  Heat) 


Figure  19.  Predicted  vs.  measured  cloud  height.  (Graf  II,  17  Nov  78.)  (Reference  10). 


Measured  ami  predicted  8-  to  1 2-/xm  transmissions  are  compared  in  l-'i^ure  20. 
The  effects  of  Round  2  are  reflected  in  the  transmission  at  20  seconds  from  impact. 

Ft.  Sill  (ompiirison.  Artillery  UK  firings  were  conducted,  and  the  rcsultiii"  dust 
was  characterized  at  Ft.  Sill.  Oklahoma,  in  May  78  for  I’M  Smoke/Ohscurants.1  ‘ 

Measured  and  predicted  (d,s  for  trial  DIM-005-T3.  one  round  of  I.Wiiim  IIK. 
are  compared  in  Figure  21. 

I.  Smoke  Week  II  f.omparison.  Measured  and  predicted  (!l,>  are  placed  in 
Fisiure  22  for  trial  No.  20.  six  rounds  of  1 .7.7- mm  IIK.  of  Smoke  Week  II.  The  Smoke 
W  eck  II  trial'  were  conducted  at  K filin  AFII  in  November  78  for  I’M 
Sinoke/I  lliseuranl'.1'"* 


I  lit-i  I  i«  l>t  i-  I .  -I  *  •  t« i«  ft  «l  .it  I  t  **tll.  I  >kl.ili<«iii.t.  I>\  I  itio  <  •rntiinl. "  \  «il».  I  .im<|  II.  I  nt.il  |  ,-sj  ,rj  |lN  |  >| *« ,  |((T 

I'M  t"»  "lo-.k-  t  nr. mis  **♦  |>  T'til  ti<  l.t-sil ifill. 

'•ti,. .k*  Ui.k  II  I  I*,  tfirt  tjili*  .tl  1 1  •<  t|  *tem»  I’frTiiriii.ttt*  <•  iii  <  li,*ror(eri/eiM  t|i*<iir*,«l  ln\ir<>mii<tM-  .it  Tolm  \l  II.  I  I  V*%  7M 
I  ■  1  »l(«  I'M  'MK  I  -in 1 1 -~u.  M.tr  7*».  HIM  No.  \|M  t»l  7  17  I  (t  ..nh.lniii.ih. 


TRANSMISSION  (Percent) 
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PREDICTED  VS.  MEASURED  (RELATIVE)  TRANSMISSION  (8-12mm) 
EVENT  B 


-  MEASURED 

- PREDICTED  STEM 


Figure  20.  Predicted  vs.  measured  transmission  (8-  to  1 2-/um ) .  (Graf  II,  17  Nov  78)  (Reference  10) 
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Figure  21.  Comparison  of  HE  dust  model  to  Ft.  Sill  data.  (Reference  14) 
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VII.  CONCI.I  SIOYS 


Tin*  sirnifiranl  rrsiilts  from  llir  inrastirriiirnl'.  innilrliii".  ami  analx-rs  jn-l  ilr»rrihol 
ran  lir  siiininuri/.rti  in  (hr  Inline  ill"  niannrr: 

1.  I  srfiil  rni|iiriral  inmlrls  xvllirh  ralrnlalr  rxtiurlinii  ilnr  In  «rallrrin"  in  llir  .'I-  In 
•V/i in  anil  H-  tn  12-/XII1  rri>imis  thrnii"h  for  anil  >nim  xxrrr  ilr\rln|iril.  Tlirx  all  »ralr  In 
v  i'ihilitx . 

2.  \  inrthnil  In  rrprrsrnt  a  svstnn's  prrfnrinaurr  sriisitixilx  In  xarialimis  in  llir 
mrlrnmlnriral  rn\ irnnnirnl  «a-  ilr\rlo|iril.  This  nirlhnil  ilrfinr-  llir  «xstrm  rapahililx .  a 
mrasti rr  of  uprrational  rffrrtixrnrss.  a«  llir  ralin  of  llir  prrformaiirr  ran^r  through  a 
sprrifiril  atllinsphrrir  rnnilitinn  In  llir  prrl'nrinanrr  railflr  rxprrtril  if  llirrr  xxa«  nn 
atllinsphrrir  ilr  ■'nutation. 

Tlir  mrlrnrnlnrical  roiulitioiis  allowing  at  Irast  a  .">()%  rrrn^nitinn  raii»r  ra|ialiilil\ 
wrrr  ralrnlatnl  for  llir  TOVi  iiirlil-irhl.  This  rapahililx  Irvrl  is  sprrifiril  h\  a  \  i.-iltilit\ 
nf  at  Irast  1  kilninrlrr  fur  a  larj>r  ratif>r'of  lank  sirnaturrs  in  a  siiiimtrr  anil  xxinlrr  rn- 
x  irnnnirnl.  Thr  x  isihilily  sprrifiratinn  is  a  rritiral  inrlrnroloi'iral  parainrtrr  of  llir  T(  »\\ 
syslrm. 


1.  \  sriiii-rmpiriral  innilrl  rapahlr  nf  prrilirtinr  llir  rffrrls  nf  smokr  nliM'iiratinn 
nil  rlrrtro-opliral  syslrnis  has  lirrn  ilrxrlnpnl  fnr  um“  in  rnmhal  siinulalions  nr  rx  alnalinn 
nf  stnnkr  iniinitiniis  hv  l hr  Nifilit  Vision  anil  Klrrlro-Optirs  l.ahnralnrx  anil  thr  (irnrral 
Hrsrarrh  ( Corporation.  Tlir  \  V&  K(  >IVOR(  C  Vi  P  Smokr  Moilrl.  a  siihsrl  nf  llir  inial 
innilrl.  has  lirrn  prnrrammril  fnr  rninpiitrr  usr. 

Tlir  \V&KOU(>K(*.  Vi  P  Smokr  Moilrl  is  xxril  xaliilatml  in  axailahlr  lirlil  trsl  ilala 
for  its  rapahililx  In  prrilirl  rloml  ilinirnsiniis  anil  Iransinission  prnilnrril  lix  slalir  ilrplox- 
nirnl  of  inslantanroiis  WP.  Asprrls  of  thr  sinokr  moilrl  xxhirh  haxr  not  yrl  lirrn  rrsolxni 
hrrausr  of  a  lark  nf  ilala  inrlinlr  llir  rffrrls  of  hi«ih  rrlalixr  hiiniiilily  nil  llir  yirlil  farlnr 
anil  (hr  rffrrls  nf  arlillrrv-ilrlivrrril  sninkr. 

(>.  llir  II K  Dllst  Moilrl  (Irxrlopril  hv  0K(,  rnniparrs  xxril  xxilli  lirlil  ilala  ami 
offrrs  a  viahlr  Innl  fnr  llir  analysis  rniiiiuiiiiitv . 
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